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Characterization of Siglec-5, a Novel Glycoprotein Expressed 
on Myeloid Cells Related to CD33 
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We describe the characterization of siglec-S (sialic add* 
binding lg*like lectin-5K a novel transmembrane member of 
ttie immunoglobulin superfamify, highly related to the my- 
eloid antigen, CD33. A full-length cDNA encoding siglec-S 
was isolated from a human activated monocyte cONA li- 
brary. Sequencing predicted that siglec-5 contains four extra- 
cellular immunoglobulin-like domains, theN-terminal two of 
which are 57% identical to the con^sponding region of CO 33. 
The cytoplasmic tail ts also related to that of CD 3 3, contain- 
ing two tyrosine residues embodied in immunoreceptor 
tyrosine -based inhibitory motif-like motifs. The siglec-5 gene 
was shown to map to chromosome 19q13.41-43, closely 
finked to the CD33 gene. When siglec-5 was expressed on 



COS celts or as a recombinant protein fused to the Fc region 
of human IgGI, it was able to mediate sialic add-dependent 
binding to human erythrocytes and soluble gtyooconjugates, 
suggesting that it may be involved in cell-cell interactions. 
By using spedftc antibodies, sigtec-5 was found to have an 
expression pattern distinct from that of CD 33. being present 
at relatively high leveK on neutrophils but absent from 
leukemic call lines representing earfy stages of myelomono- 
cytic differentiation. Western blot analysis of neutropNl 
tysates indicated that siglec-5 exists as a disuinde-linked 
dimer of approximately 1 40 kD. 
e by The American Society of Hematoiogy. 



AFPROXIMATFIT :U% of the cell surface glycoproteins 
identified on leukocytes are members of the immuno- 
globulin (/g) superfajnily/ i^ncins of this type mediate a hroad 
range of functions in cellular recognition often involving 
protein-protein interactions. Recent work in our and other 
laboratories has shown the existence of a novel subset of 
structurally related Ig superfamily pmteins that mediate protein- 
carbohydrate interactions, specificaJiy interacting with sialic 
acids in glycoproteins and glycolipids.' The group currently 
comprises sialoadhesin. CD22. my el in-associated glycoprotein 
(MAG), Schwann cell myelin protein (SMP). and CD33. Each 
of these proteins is expressed by specific cell typtes and involved 
in distinct functions, such as regulation of B-cell activation 
<CD22).^ ceii-cell interactions of macrophages (siaioadhesin),'* 
and maintenance of myelin-axon interactions (MAG).-'' Hach 
protein bas a particular preference for both the nature of siaJic 
acid and its glycosidic linkage to adjacent sugars.*-' Recently, 
these proteins have been designated "siglecs" (sialic acid- 
binding Ig-like lectins) and, although there has been no proposal 
to change their existing names, sialoadhesin, 01322, CD33, 
MAG. and SMP have been classified as siglecs 1, 2. 3, 4a. and 
4b. respectively.** 

Each of the siglecs has an N-terminal V-set domain followed 
by varying numbers of C2-set domaias ranging from 1 in CD33 
to irt in siaioadhesin. Mutagenesis and structural studies have 
established that the sialic acid binding site of siaioadhesin is on 
the V-set domain, with key inlcracfions botween sialic acid 
substitucnts and amino acid side-chains of the G. F, and A 
3 -strands. In particular, a conserved arginine on the F-strand 
of siaioadhesin "s V-set domain has been shown by X-ray 
crysuUography to form a salt-bridge with the carboxylate of 
sialic acid,'° and site -directed mutagenesis studies with siaioad- 
hesin, CD22. MAG. andC'D33 have shown that the correspond- 
ing arginine is essential for sialic acid-dependent binding by all 
siglecs."*'*'" Gther imp<Hlant interactions shown by X-ray 
crystallography include hydrophobic contacts between con- 
served an>matic amin*> acids on the A and G p -strands of the 
V-set domain with the N -acetyl and glycerol side groups of 
N-acetyl neuraminic acid.''' All siglecs so far characterized also 
have an unusual arrangement of conserved cysteine residues in 
the V-set and adjacent C2-sel domains,- These are predicted tt) 



result in the formation of an intrasheet disulfide bond in the 
V-set domain and an interdomain disulfide bond.'^ '"* " 

Apart from MAG and SMP. the siglecs characteri/x*d to date 
are expressed uniquely within the hematopoietic system and 
have been used extensively as lineage-restricted markers, l-or 
example, CD33 is a useful marker of early myeloid progenitor 
cells, being absent from pluripotential hematopoietic stem 
cells.'* Likewise. ('1)22 is a specific marker of B cells, '^ and 
siaioadhesin is expressed uniquely on macrophage subsets."* ''^ 
hi the cases of Cr>33 and CD22. these restricted expression 
patterns are conserved in myeloid-^ and B lymphoid'^' leuke- 
mias, respectively, and their presence can pmvide useful 
diagnostic markers as well as targets for immunotherapy, for 
example using toxin-conjugated or radiolabeled monoclonal 
antibodies (MoAbs).--* 

In this study we describe the characterization of a human 
cDNA that enctxles a new member of tlie siglec family, 
designated siglec-5. 'ITiis protein exhibits a high degree of 
sequence similarity with CD33 and contains all of the key 
structural features of siglecs described above. As predicted. 
siglec~5 is able to mediate sialic acid-dependent binding to cells 
either when expres.sed on CGS cells or as a recombinant protein 
immobilized on plastic. By using pi^lyctonaJ antisera raised to 
the extracellular region of siglec-?. we sht>w thaL among human 
blood leukocytes and leukemic cell lines, siglec-5 is expressed 
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in a tnyeloid-restricted manner that is distinct from thai of 

MATERIALS AND METHODS 

Materials. Unless mdicaled otherwise, all reagents and chemicals 
were purchased from Sigma (Poole. UK or Si Louts. MO). Protein A 
Sepharose and Pactor Xa were purchased from Pharmacia [Si Albaos. 
UKt, Vibrio choleras sialidase was purchased from Caibiochcm (La 
Jolla, CA). and '^1-strepiavidiD (20-40 mCVmg) and '^Lshecp anti- 
mouse IgG {750^3,000 Ci/mmol) were purchased from Amersham 
(Little CTialfoDt. UK>. Biotinylated poly aery lamide glycoconjugates 
caiT>mg either NeuAca2,3Galp 1 .4Glc (2.3- PAA ) or NeuAca2.6Gaip 1 ,4Gk: 
f2,6-PAA) were purchased from Synicsome (Munich. Germany). Di- 
goxygenin I l-dllTP. 4 -6-<liamjdino-2-phenylindole'2 HCI(nAPI)aiid 
anti-djgoxygeaio-tagged rhodamine were purchased from Boehringer 
Mannheim (Indianapolis. [N>. Ami-C D.13 MoAb LcuM9 was from 
Becton Dtckitisoa (Abingdon. L'K). Immuloa 3 microliter plates were 
from Dynatech LabcTaione.i Inc (CThanully. VA>. Nl'NC tissue cultiue 
plastics were purchased from Life Sciences (Paisley, I'K). Ihc pIGplus 
plasmid was purchased from R&D Systems (Abmgdon. UK) and 
pcDNA3 plasmid was from British Bi«echnoIogy (Oxford, UK). 

Identification and characterization of sigIec-5 cDNA, By using the 
amino acid .sequence of rU33. a specific homology search was 
performed against a database containing more than one million 
expression .«sequence tags (BSTs) obtained from over 700 different 
cDNA librarics.^'^^* A fulMcngth clone in pBluescnpt 11 (SK") 
enc(xltng one of the CTJ33-Iike sequences identified in the search was 
isolated from a human activated monocyte library and designated 
pHMQC'DM. A ctimputer search of nucleotide and protein sequence 
was performed by using the Bla.si OeneScarch (National Center for 
Biotechnology Infonnalion. National Institutes of Health. Bethesda. 
MD). Manipulaitoo of sequences and ahgnmenis were performed by 
using Baylor College of .Medicine molecular biology software available 
on the imemct (Human Genome Center. Baylor College of Medicine. 
Houston. TX). 

Northern hJot analysis. The cDNA insert from pHMQC?DI4 was 
labeled with ^-P by using the Rediprime DNA labeling system from 
Amersham Life Sciences according to the manufacturer's instructions. 
Umncorpcrated nucleotides were removed from labeled probe by using 
CHROMA SPIN- ICO columns (aoniech, Palo AUo, CA). Two human 
multiple ti.ssue Northern (MTN) hloLs containing appro.iimately 2 Mg 
poly (A)* RNA per lane from various human tissues were purchased 



from Cloniech and hybridized according to the manufacturer's instnic- 
tions. 

Chromosomai mapping by fiuorescence in situ hybridiztttion (FlSft). 
The chromosomal localization of the siglec-5 gene was determined by 
single-copy gene FISH to human male metaphase chromosome spreads. 
Briefly, a 2 kb HMCK:DI4 cDNA insert was mck-U^anslaied by using 
digoxygenin ll-dL'TP. and FISH was performed as detailed previ- 
ously.^ Individual chromosomes were counterslained with DAPl. 
Color digital images containing both DAPI bands and gene signals 
delected with anti-digoxygenio-ugged rtiodamine were reairded by 
using a triple-hand pas.? filter set (Chroma TechD*Mogy C(^. Brat- 
tleboro. VT) in combtnatioQ wiih a charged coupled-device camera 
(Photometries Inc, Tucson, AZ) and variable excitation wave length 
fillers.^ Images were analyzed using the ISHi; software package 
(InovisioD Corp. Durham, NO. 

Preparation of recombinant siglec-5. The extracellular region of 
sigleC'5 was amplified by polymerase chain reacti<Hi (PCR) with the 
following forward and reverse primers (5' *3'): ACTCTAGAGTIC- 
GATCTCCCTT CJCACjCAG and ACAGATCTGTT (XiA l ( 'rCCCri G- 
CACJCAG. 'l^\c PCR product was cloned in-fran*c into the pKi^ilus 
vectOT. which encodes a Pactor Xa cleavage site between the extracellu- 
lar region and the hinge region of the Pc portion of human IgCil. 
Plasmids encoding other Fc-proleins used tn ihi.s study were prepared a.^ 
described previously.''^-'* To generate recombinant pr».MciQS. plasmids 
were transfccted into CX3S- 1 cells by diethylamintTethyt-dextran ( DliAi: > 
transfection and Fc-proteins were purified from the conditioned superna- 
tanis as described.^' Bnefly. supernatant was pa.ssed over a protein-A 
Sepharose column, and the bound protein wan eluied with 0,1 n»ol/l- 
glycine pH 3.0 followed by neuiraliz^tion with 10% vol/vol 1.0 mol/I. 
Tris pH 8,0. The proteins were dialyzed agaiast 20 mnx-jl/I. Tris pH 8.0. 
and the concent rations were estimated by using the bicinchoninic acid 
(BCA) assay kit (Pierce, Rockford. IL) with bovine .serum albumin 
(BSA) as a standard. Fc-proteins were shown to be greater than 05% 
pure by sodium dodecyl sulfate -poly acr>lanrude gel ciccirophiTests 
(SDS-PAGE) analysis. 

Generation antibodies to siglec-5 and enz\me-linked immunosor- 
bent assay iElJSA). Purified recombinant 5iglec-5 I c was dtaly/,ed 
into 20 mnwl/I. Tris pH 8.0 with 100 mmol/l. NaCI and 2 mmol/I. 
CaCl2, and the protein concentration was adjusted to l.O mg/ml. and 
digested overnight at room temperature with Factor Xa at a ratio of 1 yig 
Factor Xa:50pg Fc-protein. Undigested material and I-c fragments wore 
removed by passage over a protein- A Sepharose column, and the 



Leader peptide 
KLPXOUPLUfGGS 



de J Dl 



LgVIQIC5VTVQB6Z^CVLVPCSr8TP1IRSWT8SPF1.7VTW 



riO<gIPYTABVVXTIWPDt«CVKPgT0<mETUJ^0DV0KTO 

I D2 

KIUntDVlCTSTggNKU(LSVTAI.IEKPDIHFUPI.B3GRPnU^CSLP<SSCK]U5PFX.TrSW 
TGHA^PlJPBTTR33ELTLTPRPEDHgTWLTCqp<Kl^aGl^QVTTmRTVgIll^ 



60 
120 

leo 

240 



IFFMGIAUIX^QfTSrLPVLBGQAIJUJAAPSKPPAHIiSllfg^ 



UUCVKSABKGGnCMQRPLGFLQI 



I 04 



LPQIMPSCSHSABOLHCRCSPIUUIPA 



300 



360 



PSliCma.KgKPUG M3SQ CSFKV NSS S PGPWA WSS LILHQgUfSDUCVaCKMmiTGSQS 420 

gSVIXIiO(at5NI.gT gVVPAAI/y3*GVMAIJiCICI^ 480 

PIMGTIT3C3nRJU^VDSPa>0ASPPGDAPPUSEQKBI«ASI^r3B4K31«Fia>Q 540 

TTEYSBIKTSK 55I 



Fig 1. Predicted amino add 
sequence of siglec-5. The leader 
peptide and transmembrane re- 
gion are double- undefined. Po- 
tential N-llnlted glycosyiatlon 
sites are sfngle-underlined. The 
likely Ig domain bourKiarles are 
indicated. 
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CHARACTERIZATION OF SIGi£C-5 
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punticd cxnaceUular region of 5ig(cc-5 was used lo tmmunjze a ^roup 
of three truce, using 10 protein per injection. Immune serum was 
ctillecied iO days after the third injection. To check for possible 
cro.ss-reaciiviiy o( the immune serum With CD33 and to establish the 
.saturating concentratiOQ. siglec-5 Fe andCD33 Fc were immobilized oti 
pta5tic vta antihuman IgCi as described' and incuhated for I hour with 
differing dilution.s of preimmune or immune sera. After wa.shing. wetls 
were then incuhated with horse radish fjeroxidase- conjugated goal 
antjmouiie IgG and washed and exposed to CVphenylencdi amine 
hydrcx*hi(Tnde as substrate, followed by measurement i>f ahsorhance at 
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450 nm. ADii-sigJec-5 MoAhs'TTD and 8H2 were generated from ont- 
of the inunuoe mice by standard techniques and shown to react 
specifically with si glee- 5 Fc by ELIS A as described above. 

CeOs. All cell Iidcs were provided by the ICTiF Cell Producuon 
Service (South Mimms. UK). COS- 1 cells were cultured in Dulbecco s 
modified Eagle's medium <DMt:Nf) with 5% heat-inacijvaied fetal calf 
senim (PCS). CXher cell hnes weie cultured in RPMl 1 640 medium with 
5% or 10% FCS. Human red blood cells fRBCs) were oHaitied from 
healthy (k>iK>rs and stored at 4°C in Alsever's solution for up to 2 weeks. 
Neutrophils, monocytes, and lymphocytes were punfied from human 



Fig 2. Alignment of %)glec*5, 
OB-BP1, human CD33, human 
MAG ami th« Hrst two domains 
of mouse sialoadhesin. Siaload- 
hesln is incfuded as a reference 
for amino acJds that are fmpor* 
tant in sialic acid binding.^Allgn. 
ment was performed with the 
Ousts IW muMple sequence 
ment program, version 1.7 and 
optimlxed by eye. Residues that 
are identical in at least half the 
proteins are boxed in btack, simi- 
lar residues are in grey. Open 
boxes group the characteristic cys- 
teine residues of sigfec proteins 
arxl the residues that are impor- 
tant for Interaction with slattc 
ackl.^° The positions of the ^i- 
strands in domains 1 and 2 are 
indicated. The beginning of the 
transmembrane (TM) and cyto- 
plasmic (CYTO) regions are indi- 
cated. Gcnbanfc accession num- 
bers or OB-&P1, CD33, MAG, and 
s»akMK»tesin are U713ft2, M23197, 
M29273. and Z3d293, respectlvefy. 
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btood a*: follows. Twenty millititer<i of i^l^^epahtuzed blood was 
mixed 1:5 with 6% Dexlran 500 sotuiion made m RPMI 1640 plus 20 
mmol/L HEPES and left ai room temper aiure for 20 minutes for RBCs 
to sedinnem. The RBC-free svpemaiani was overlaid onto 5 ml. 
I.ymphoprep{Nyconied Pharma AS. Oslo. Norway) and cenirifuged ai 
room teniperanire for 20 miDutes. Mooonuclear cells at the interface 
were washed in RPMi plus 20 mmolA. HEPES and added \o a lO-cm 
diameter plastic bacterial pctri dish in RPMI plus \0% FCS and 
incubated for I boor at 37"^ Nonadherent cells (lymphocytes) were 
removed and ihe adherent cells (monocytes) were detached by incuba- 
tion tn phosphate- buffered .saline (PBS) plus 5 mn»|/I. EirPA for 10 
minutes at 4''C. To obtain punfied neutrophils, the pellet from the 
Lymphoprcp step was rcsuspcnded id I ml. ice-cold water for 20 
seconds to lyse contaminating RBCs. The mixture was diluted to 20 mL 
with PBS and the oeutrof^ils were washed twice in PBS before use. 

Human RBC binding assays. The full-length cDNA in sen from 
pHMQt:D14 was excised with £VoRI and Xha I and .'oibdoned into the 
oorrespooding sites of pcDNAJ. COS- 1 cells were transiently trans- 
fectcd with this plasmid or with the full-length CD3? plasmid in 



_ CORNISH ei AL 

pCDM8" by the DEAE-i^Uf nwthod as descnbed above, trypsin- 
izcd 24 hours later, and replated at 2 X 10^/welI on 6- we II Ussue culture 
dishes (Falcon. Becton Dickinson VK l td. Oxford. UK) in DMKM 
containing \% FCS. COS ceils treated identically but without pla.smid 
DNA (sham- transfected) were included in each assay. Binding assays 
were performed 48 to 72 hours po«(iransfection. RBCs were washed 
three tin^s in PBS containing 0.25% BSA (PBA>. rcsu.spended at 
0.25% volAroI in DMEM plus 0.2^ BSA. and I ml, of the cell 
suspension was added to the wells. After 30 minutes at M^C. 
non^hereat celts were removed by three gentle washes in PBA. and 
cellular rosettes were fixed in 0.25% glutaraldehyde. SiaUdase pretreal- 
mcnt of COS cells or RBCs was performed with 0.1 C/ml. Vrholfrof 
sialidase in DMEM for 2 to 3 hours at 37 ''C. followed by three washes 
in PBA. To quantify the rosettiog. the number of COS celts bmding 
nxre than two RBCs was scored from 20 fields m each well of 
duplicates using a Carl Zeiss Axicukop (Carl Zei.ts I Jd. Welwyn Car den 
City, UK) fitted with a X 10 objective. ResulLt were expressed a.v the 
rnean nun^r of rosettes per field. 

Solid-phase binding assays with human RBCs were perfiirmcd as 
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Fk| 3. Localization and expmsJon of the slglec-S gene. (A) chrorrto- 
sofTUil mapping by FISH: Human male metaphase chromosome 
tpr««(ts wttTtt hytMWtzod with a 2-kb digoxygenin H-dUTP-tabeled 
HMQC014 cONA (nsert and i»w irKHvidual chromosomes wore coun- 
tersiAfned wttb 0AP1. DIgttal images tontaming both DAPl bands and 
gene signal detected with antl-digoxygeniivtagged rbodamlne are 
shown. The position at the sigtec-5 gene on chromo«orr*e 19 is also 
shown schema ticalty. (B) Northern btot analysis of s^lec-5 mRNA in 
human tissues. Each lane of the Multiple Tissue Northern {MTN) Slot 
(Ctontach) contains approximately 2 rig or poly A plus RNA from the 
tissues indlcatad and Is nomiallied for levels of p-actin mRNA. Two 
major fomns oi slglec-S mRNA are seen at approximately ZA and ZA 
kb. The hybridization pattern among the different tissue samples is 
consistent with expression of the siglec-5 gene being restricted to 
myelomonocytk: cells. 
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dcscrihed previously.' Briefly. RiiCs were added to wells of tnicroUter 
plates that had heen aiated with Fc pcotcins via antihuman I "c IgCi. After 
30 minutes at room tcmperalure. unbound cells were removed by 
washing, and bound RBCs were fixed in methaool and quanlified by 
incubation with peroxidase substrate and measurement of absorbance at 
450 om.^ 

Binding assays with polyacrylamide glycoconjugales. I'c proteins 
at 1 Mg/ml^ were added for 1 hour to wells of liiimulon-3 plates 
prcvitxisly coaled with anli human Fc IgG as described.^ Wells were 
Mocked ft^r non-specific binding with 5% slummed milk pt)wder for I 
hour at room temperature and incubated with varying dilutions of 
2.3-PAA or 2.6- PAA dissolved in PBA for 1 hour at room (emperalure. 
Wclls were washed in PBA and incubated with '^I-streptavitlin diluted 
in PBA to 0.5 tiC'i/mL for I hour at J'C After washing three times in 
PHA. bound radiiuctivity was st>luhi]ized by addition of 0.1 mot/I. 
NaOH and counted by using a Beckman gamma-counler (Beckman 
InsTnimcnts. I^lerttm, C'A). 

f-luorescence-activaied refl sorting (FACS} analysis. All incuba- 
tions were at 4''C. Cells were washed three tirrtes in PBA and incubated 
at lO^/mL with anti-CD33 MoAb at 1:50. anti-siglcc-5 polyclonal 
antibody at 1:1. COO, or the pteimmune serum at 1:1.000 as a negative 
contn>I. After 1 hixir. cells were washed and incubated with phyooery- 
thrin-conjugaled g<.>at r(ab>i-antjmouse IgG for 1 hour on ice. washed, 
fixed in 2% paraftirmaldehyde. and analyzed on a Becton Dickinson 
FAC.'S analyzer. 

Westi^m blotting. Neutrophils punfied from human blotxl were 
lysed in 1% Triton-X-IOO at a cellular concentration of 5 x lO'/ml.. 
Nuclei were removed by ccntnfugaiion at 10.000^? for 15 minutes, and a 
(juaner volume o( 4X SDS-PAGH samf^e buffer, either reducing or 
nonreducing. was added. Twenty microliters of lysate were separated by 
SJ>S-PACiIi on a Biorad (Heme! Hempsstead, UK)mjnigel apparatus and 
transferred to mirocelluio.se. The blot.s were incubated with 5% Marvel 
skimmeit milk in PBS plus 0. 1 % Tween 20 to Nock oonspecjfic binding 
sites and then incubated with either preimmune serum diluted 1:1,000 
or anli-^iglec-5 antiserum at 1 :2.000 for 1 hour at 4°C. After washing io 
PBS plus 0.1% Tween 20. the blots were incubated with '2*I-sheep 
antimouse IgG at a c"onoeniraiK»n of 0-5 \iCi/mL foe I hour, washed, and 
exposed to autoradiographic film for 24 hours. 

RESULTS 

Characterizaiion of sigiec-5 as a CD33 related cDNA. 
HMQ<?D14, a clone derived from a human macrophage cDNA 
library, was initially characterized a.s an HS'F sharing a high 
degree of sequence similariiy with human CD33 cDNA. 
Examinaiion of its fuU-]cnglh sci{uencc of 2.017 bp showed a 
single long open reading frame encoding a type-1 transmem- 
brane protein of 551 amino acids belonging to the \g superfam- 
iiy. Based on its sequence similarity with other siglecs and il& 
ability to bind sialic acid (see below). thi.s protein has been 
designated siglec-5 (Tig 1 ). The extracellular region of sigiec-5 
contains a hydrophobic signal peptide and four Ig-like domains, 
which are made up of an N-rerminal V-sel domain and three 
C2 set domains. There are eight potential N-linked glycosyla- 
tion sites. After the transmembrane region, there is a cytoplas- 
mic tail of 89 amino acids. 

Homology of sigiec-5 to other proteins. r>atabase searches 
showed that siglec-5 is 99.6% identical to OB-BP2. a recendy- 
deposited human sequence encoding a "leptin -binding protein" 
for which there is currently no publi.shed information. There are 
two amino acid differences: Olu 309 and Ser 403 in siglec-5 are 
Lys and Asn, respectively, in OB-BP2. It seems likely that 
siglec-5 and <)B-BP2 are the pnxiuci of the same gene, in which 
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Fig 4. Binding of hum*n RBCs to COS cells transfectetl with 
$lgleo-5 or CD33 cDNAs. Three days after transfectton, COS cells were 
treated with sielklase or left untreated. Human RBC«, untreated or 
slaltdese-treeled, were added and allowed to bind for 30 minutes. 
After washing, celts were fixed and the number of rosettes (binding 
>2 RBCs) was determined by microscopy from counts of 20 fields in 
each well. Results show nnean ± range of counts from duplicate wells 
and are representative of three experiments perfomted. 

case the differences could reflect genetic polymorphism or bo 
caused by sequencing errors. Apart (rom (^B-BP2. the most 
related proteins in the database were OH -BP I and 01)33 (Fig 
2). OB-BPl. like OB-BP2. is a recently-deposited human 
cDNA. which is aUnost identical to a newly -described CI)33- 
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Fig S. Binding of sigl«c-S to potyacrylemtde glycoconjugates in 
comparison with other siglecs. Fc-siglecs at 1 ^g/mt were immobi. 
Ilzed to plastic via enti'Fc antibody and biotinyleted polyacrylamide 
(PAA) gtycoconjugates linked either to 3 siaiyltactose (2.3-PAA) or 
6'slalyllactos< (2,&*PAA) was added at the indicated concentrations. 
Unttound f:onjugate was washed off and binding detected with 
'"H-streptavklin. Data show means ± standard deviations of tripli- 
cates and are representative of four experiments performed. 
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Fig 6. FACS anafyses of siglec^S expression on human hematopoietic cells in comparison to C033. (A) COS-1 cells transiently trarrsfected with 
either full-length CO 33 cONA or stgtoc-5 cONA and labeled with preimmurve serum, mouse ami-s»gtec-S antiserum or anti-C033 MoAb followed 
by phycoerythr1rv<onjtigatod F(ab)t anti-mouse IgG. Values refer to the percentage of cells within the indicated gate. (B) Human myeloid 
leukemic cell Unes stained with either preimmune setum (open histograms), anti^ig(ec-S antisenxm or «ntl-C033 MoAb (ruted histograms). The 
mean fluorescence intensities ol»erved with either antl-slglec S or anil-C033 antibodies are shown In each fjox. (C) Human blood leukocytes, 
stained as described above for (B). 



like cDNA. expressed .spec i tic ally in placenta and dciiignated 
CI>^3-L.^^ It contains three extracellular Ig-like domains thai 
ore 57% identical to the N-terminal three domains of siglec-5. 
The two extracellular Ig-like domains of CD33 are 57% 
identical to the two N-term\i\al domains of siglec-5 (Fig 2). The 
membrane pn>ximal Ig-like domain of siglec-5 was found to be 
most similar to the tifth domain of MAG with 30% sequence 
identity (Fig 2). 

S'truciural features characteristic of siglecs, F-xamination 
of the iwn N- terminal Ig-like domains of siglcc-5 showed the 
presence of the characteristic structural features of the siglec 
subgroup of Ig superfamily proieins {Fig 2). There is precise 
conservation of the unusual pattern of cysteines found in these 
proteins, in particular the cysteine residues on the B aiwi F 
strands of domain 1 that give rise to tlie unusual intrasbeet 
disulfide bond"* '* and the cysteines on the A-B loop of domain 
1 and the H-C, loop of domain 2 that are thought to result in an 
interdomain disulfide bond.'^ '^ There is also conservation of 
key amino acids inv4>lved in sialic acid binding, in particular the 
cTitical arginifK' at position 1 1 9 and the two conserved aromatic 
residues at positions 21 and 128 on the A and G strands of the 
V-sct domain. These are both tyrosine in siglec-5 rather than 
tryptophan found in sialoadhesin (Fig 2). U is also evident from 
the alignment that OB-BP I exhibits the same structural features 
and therefore, is likely to be a functional sialic acid-binding 
protein. 

The transmembrane region and cytoplasmic tail of siglec -5 
are very similar to the corresponding regions of OB-BP 1 and 
CD^^ with overall identities of 40% and 42Vf. respectively. 
Within the cytoplasmic tails of these proteins, there are two 
highly-conserved regions of seven amino acids centered in both 
cases around tyrosine residues, l^e first region (LHYASA^L> 
conforms well to the consensus immunoreceptor tyrosine-based 
inhibitor^' motif (ITIM) (l/lTVxYxxI/V) defined in several 
other leukocyte proteins, whereas the seci>nd motif (TEYSHIA^) 



does not conform, but is similar to rilM-Iike motifs described 
in other leukocyte cell surface proteins.^ 

Chromosomal tocalizfltion and e.xprrsswn of the sij^iec-S gene. 
The gene encoding siglec-5 was mapped by m situ hybridiza- 
tion on chromosome 19ql 3.41 -ql 3.4.^ (Fig 3A)and was closely 
linked to the CD33 gene at I9q 1.3.3-ql 3.4. Northern blot 
analysis (Fig 3B> showed the presence i>f two major siglec-5 
mRNA transcripts of 2.4 kb and 3.4 kb in various tissues wilii 
highest levels in hematopoietic organs, notably bone marrow 
and spleen. High levels were also detected in extracts of 
peripheral blood leukocytes, with lower levels present in lymph 
node, lung, appendix, placenta, pancreas, and thymus. Siglec-5 
mRNA was undetectable in brain, heart, skeletal muscle, and 
kidney. 

Siglec '5 mediates siaiic acid -dependent binding to human 
RBCs. All siglecs so far characterized are able to mediate 
sialic acid-dependent binding to human RBCs alter transient 
expression of their full-length cDNAs in t'OS cells. '-^-^^ 
However, in the case of CI).3J1. binding was only shown after 
pretreating the trans fected C(JS cells with sialidase before 
adding the RBCs.-^ Because rD3.3 contains only two Ig like 
domains, its binding site at the N-tenninus may not extend 
sufFicienlly from the plasma membrane to avoid n's- interactions 
with sialic acids in the glyc(x;alyx. thus reducing its potential to 
interact with ligands added in trans. Treatment of the transtected 
COS cells with sialidase removes the inhibitory sialic acids in 
the glycocalyx. thereby allowing the protein to bind RBCs. In 
the present experiments. COS cells u-ansfected with siglec-5 or 
CD33 cDNAs were either utttreated or treated with stalida.'ie 
before addition of human RB(\s. To check that binding was 
sialic acid dependent, assays were also performed by using 
sialidase-trcaved RBCs. CC>S cells Iransfecled with siglec -5 
cDNA bound RBC's at low levels, and tliis could bo increased 
substantially when the trans fee ted COS cells were pre treated 
with sialidase (Fig 4). In contrast, binding of RBCs to CD3 
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trans reeled COS cells was only ohserved alter siaJidase treat- 
ment of the COS cells, as shown previously-'' (I-ig 4). In all 
cases. sialidase-preLreatmcnl of the RBCs abrogated binding, 
indtcaiing that it was sialic acid dependent. 

Sialic acid linkage preference of siglec-S. It has been 
shown previously that siglecs exhibit a preference for the 
glycosidic linkage of sialic acid to adjacent sugars ^•'^^•^''•^ Thus, 
sialoadhesin, CD33, and MAG bind preferentially to oligosac- 
charides teroiinati/ig with a2,3-hnked sialic acid, whereas 
(rD22 binds only to the «2.6 linkage. To investigate the sialic 
acid linkage preference of siglec-5. a fusion protein was 
generated in which the entire extracellular region was fused to 
the Fc portion of human IgGl. The recombinant protein was 
used in solid-pha.se binding assays with biotinylatcd polyacryl- 
amide derivaiizcd with either .V- or 6'-siaIyllactose and its 
binding activity was compared with Uiose of sialoadhesin. 
CU33. MAG, C]>22, and N-CAM as a ncgaUve control (F^ig 5). 
Siglec-5 showed a unique specificity, binding equally to both 
3' -and 6'-sialylIactose-<;onjugated poly aery I amide, unlike sialo- 
adhesin and MAG. which bound preferentially to 3' siaJyllac- 
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Fig 6 (Cont'd). 

tose. or CD22. which hound spociricaJly lo ihe 6' si a ly Mac tnsc 
glycoconjugate (I'ig 5). Unexpectedly, no binding was seen 
with CD33-Fc. This was not caused by inactivity of the 
CD33-Fc protein because in sol id -phase binding assays with 
RBCs done in parallel. CD33-I'C and siglec-5-l-c bound RBCs 
to a similar level (data not shown). 

Expression of siglec S on human leukemic cell lines and 
human blood leukocytes. The pattern of mRNA expression 
observed in Northern blots of human Ussuca (Fig 3A) is 
consistent with siglec-5 being a myoloid-restricted pmiein. 
Therefore, il was of interest to examine expression <if si glee-? 
protein in comparison to CD33, which is found predominantly 
on myeloid cells. CD33 is first delected on mixed progenitors 
and continuing down the myelomonocytic pathway until being 
downregulated on granulocytes but retained tm monocytes and 
some tissue macTo phage s.^^ Expression of siglec-5 on hemato- 
poietic cells was assessed by using a mouse polycionaJ antise- 
rum raised to the extracellular region of siglec-5. IT -ISA 
experiments with immobilized |-c proteins showed that the 
anti-sigIec-5 antiserum did not cross-read with ('033 (data ixi! 
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shown)- lilts was confirmed in FACS analysis by using COS 
cells iransienily transfecied with either sigIec-5 or CD33 
fulMength cDNAs (Fig 6A ). 

Leukemic cell lines that are "lixed" at a particular stage of 
hematopoietic dilTerentiation art* useful models to study expres- 
sion of lineage- restricted antigens. For this purpose we analyzed 
KG1A{CD.U- CTO3- ). KGI {CD.U-XD33-). K562(CD33\ 
displays erythipid/megakaryocytic markers). nL60 (0033^^. 
myelomonocytic), U937 (CD33\ promonocytic). and THP-I 
(CU33*. monocytic )- FACS analyses showed that the expres- 
sion pattern of siglec-5 was similar, yet clearly distinct from that 
of CD33 . Neither antigen was expressed on KG 1 A cells thought 
to represent early progenitors. In contrast to (.^D33. siglec'5 
expression was not delected on KGI. K562. or HL-60 cells. 
Both CD33 -and siglec-5 were readily detectable on 13937 and 
TUP-1 ccUs (Fig 6B). We next compared expression of CD33 
and siglec-5 on human hUx>d leukocytes (Fig 6C). Neither was 
expressed on peripheral bUxxi lymphocytes (i'ig 6CJ nor on a 
range of B and T lymphoblastic cell lines (data not shown). 
Both were expressed at intermediate levels on monocytes, but 
only siglec-5 was present at high levels on neutrophils (Fig 6C). 
This pattern of expression of sigloc-5 on human leukocytes was 
confirmed by using anti-siglec-5 MoAbs IA5 and 8112 (data 
not shown). 

Molecular characterization of siglec-S on neutrophils. To 
determine the molecular weight of sigIec-5 expres.scd by 
neutrophils. Western blots of neutrophil lysates were probed 
with the anti-siglec-5 antiserum at 1:2,000 dilution. No bands 
were seen with preimmune serum at 1:1. 000 dilution (data not 
shown) but with the immune serum a predominant band was 
observed at approximately 140 kl!) under nonreducing condi- 
tions and at approximately 70 kD under reducing conditions 
(Fig 7). This suggests that siglec-5. similar to C1333. exists as a 
bomodimer on the cell surface. 



sialic acids.'-^**-^^ The specificity analysis was performed by 
using polyacrylamide glycoconjugales rather than resialylated 
human RBCs used extensively in our previou.s studies. Al- 
though the polyacrylamide-based glycoconjugates exhibited 
good binding to immobilized sialoadhesin. MAG. rrJ22. and 
siglec-5. there was no measurable interaction with CT)33. 
despite the fact that the immobilized CD33 was able to bind 
human RBCs in a sialic acid-dependent manner. This difference 
between CD33 and sigIec-5 could reflect weaker binding 
affmity of CD33 for sialylated oligosaccharides or could point 
to a more stringent requirement of CD33 for oligosaccharide 
presentation on appropriate carrier molecules. 

The pattern of expression of siglec-5 on myeloid cell lines 
and blood leukocytes was also different fn>m thai of CD3.^. 
being absent from cell lines with an immature myeloid pheno- 
type such as KGI and K562. hut was expressed on cell lines 
with a more differentiated phenotype such as 11937 and TUP- 1 
cells. Among blood leukocytes, a clear difference was also seen 
with neutrophils that downregulaie expression of Cl)33 but 
express relatively high levels of siglec-5. ITiis expression 
pattern indicates that siglec-5 is more likely to be involved in 
effector functions of myeloid cells rather than in the differentia- 
tion process perse. In this respect, it is of interest that CD33 and 
siglec-5 share two conserved tyrosine residues embedded in 
rriM-like motifs that have been found in a growing number of 
cell surface members of the Ig superfamily.^"**' In many case.s. 
such ITIM motifs have been shown to mediate negative 
regulatory signals via recruitment and activation of tyrosine 
phosphatases like SHP-1. SHP-2, and SHIP**'" Future studies 
are needed to determine what role, if any. the HIM -like mot ifs 
have in potential signalling functions of rD33 and siglec-5. 

An emerging theme for siglecs is that Ihcir ability to mcdrate 
cell -cell interactions can be influenced by the nature and extent 
of sialylation on the host cell, the target cell, dnd also the 



DISCUSSION 

The recent availabihly of extensive BST databases has been 
of great value in permitting the identification and characteriza- 
tion of new members of preexisiting families of proteins. 2** In 
the case of the siglec-5 protein presented here, (he high degree 
of sequence similarity with CD33 and conservation of key 
residues implicated in .•;ialic acid recognition irKreased the 
possibility that this pmtein was a new member of tlie siglec 
family of Ig supcrfamily proteins. In the present study, wc were 
able to show that the fulMenglh cDNA expressed in COS cells 
behaved similarly to all other previously characterized siglecs 
in being able to bind human RBCs in a sialic acid-dependent 
manner. Therefore, siglec -5 fulfills the criteria required for its 
inclusion in the siglec subgroup of Ig superfamily proteins.* 

The high degree of sequence similarity within the two 
N-terminal domains of siglec-5 and CD33 suggested that tbey 
might share similar sialic acid-binding prttpcrttes. However, 
two potentially important differences were shown in our 
experiments. First, COS cells that expressed siglec-5 were able 
to mediate binding to RBCs without sialidasc treatment, unlike 
CD33. Second, siglec-5 showed an unexpected binding specific- 
ity, recognizing a2,3- and 0£2.6-linked sialic acid equally. This 
is in conU-asi to all other previously -characterized members of 
the family that preferentially bind to either a2.3- or a2.6-linked 
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FI9 7. We<t«m blot anafysfts of neutrophil lysates with antt- 
sigfec-S stittMrum. Samples, either reduced <R) or nonreduced (NR). 
were separated on a 10% polyacrytamkSe gel and transferred to 
nitrocellulose. The triot was Incubeted with antl-siglec-5 amlserun^ at 
1:2,000 dilution or pr«lmmune serum at 1:1.000 dilution, washed, and 
Incubated with ***l-antlr8bMt IgG. No signal was observed with 
preimmune serum {not shown) but a predominant band at approxt- 
matety 70 kO and approxlmatety 140 kD can t>e seen under reducing 
and nonreducing conditions, respectively. 
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relative length of the siglec. 'I'hus. s^B^csin with 17 [g 
domains is thought to extend the binding site up to 35 nm from 
the plasma membrane, thereby reducing inhibitory cis- 
interactions with sialic acids present in the macrophage glycoca- 
\yx (Crocker, unpublished observations).'*^.^^ At the other end of 
the spectrum, CD33 with only two Ig domains appears unable to 
mediate trans interactions unless the endogenous sialic acids on 
the cell surface are removed by sialidase treatment.-* As shown 
in the present study, siglec-5. with 4 Ig domains, is able to 
mediate modest binding to RBCs on COS cells in the absence of 
sialydase treatment, unlike CD33. This finding, together with the 
demonstration that siglec- 5 is present at high levels on neutro- 
phils, raises the possibility that this receptor could be involved 
in cellular interactions of neutniphifs during acute inflammatory 
responses. 

The recent deposition in the Gen bank database of lep tin- 
binding proteins OB-BPl and OB-Bl^ (virtually identical to 
siglec -5). as well as a recent report of another CD33-like 
sequence expressed .specifically in placenta^-* (virtually identical 
to OB-BPI), together with our unpublished observations indi- 
cate the existence of a novel subgroup of CD33-likc genes that 
are likely to function as sialic acid-binding proteins. Interest- 
ingly, siglec -5 maps to chromosome 19ql3.4. a region where a 
large number of other hematopoietically expressed Ig superfam- 
Uy members have been localized. These include a family of 
genes encoding killer cell inhibitory receptors expressed on 
natural killer cells and subsets of T-lymphocytes. Immunoglobu- 
lin-like transcripts (ITT- 1. -2, and -3) expressed on myeloid 
cells and subsets of lymphoid cells, the gp49 family of receptors 
expressed on mast cells and natural killer cells, and the gene 
encoding human myeloid immunoglobulin A f"c receptor 
(CD89)." An emerging theme for these receptors is that they arc 
involved in either activatory or inhibitory signalling functions 
in hematopoietic cells.^ A major challenge for the future will be 
to elucidate the functions of the Cf333-like subgroup of sialic 
acid— binding receptors and to determine the significance of 
sialic acid recognition. 
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